The Golgi apparatus and mitochondria have been reported as constant components of all the different types of animal cells and it is also claimed by many investigators that they are concerned in the secretory activity of the glandular cells. In his paper ('27) the author described the mitochondria in the submaxillary gland of the adult albino rat. A further study of the Golgi apparatus in this gland was suggested by Professor Ivan E. Wallin of the University of Colorado and the results of this study are given in the present paper.
Historical.
Before
Golgi's studies, the existence of the reticular substance in the gland cells of the submaxillary gland of some animals had been observed and designated by different names, as " Gerast "7 )7 Netz ", Retikularsubstanz " and " Zellsubstanznetz " , etc., by such investigators 11 as Ebner ('72), Klein (79b) , Langley ('84) , Schiefferdecker ('84b), List ('86) and Star ('87a).
On the other hand, by er ('90) and Rawitz ('94) claimed that the reticular substance in the mucous cell of the submaxillary gland is an artificial product produced by the reagents. clearly, which indicates an increase of materials or an affinity to the osmic acid, and the thread-like and granular forms increased in number and enlarged ( fig. 9 ).
In the gland, after pilocarpin , the cells showed reverse effects. The Golgi bodies decreased in their staining affinity to the osmic acid and the thread-like and granular forms decreased in number and in size ( fig. 10 ).
2. The serozymogen cell: The cytoplasm is slightly stained by the osmic acid method and the serozymogen granules are preserved in a spherical or oval form and stained a little darker than the surrounding cytoplasm. The nucleus stained lighter, as in the epithelium of the small duct and the main-nucleolus and side-nucleoli were stained slightly dark , like the serozymogen granules.
The Golgi bodies were stained black and preserved in irregular networks, spiral granules, coiled or short rods and twisted threads.
The reticular network was found mostly between the nucleus and the free surface of the cell, at the side of the nucleus , and in rare cases, between the nucleus and cell basis. Some filaments of the network were extended to the surrounding cytoplasm, running between the serozymogen granules.
The granular forms also were found around the nucleus and along the cell membrane ( fig. 3 ).
In the gland, after atropin, the Go lg i bodies were scattered more irregularly between the serozymogen granules and were found more abundantly along the cell membrane, increased in number and enlarged ( fig. 11 ).
In the gland, after pilocarpin, the cytoplasm appeared slightly more transparent than in the normal and the Golgi bodies decreased in number and in size ( fig. 12 ).
3. The serous cell : The cytoplasm of the serous cell was stained gray while the so-called ergastoplasma stained comparatively dark. The nucleus stained a little darker than the surrounding cytoplasm and the main-nucleolus and side-nacleoli, a little darker than surrounding nucleoplasm
The Golgi bodies were observed also, near the nucleus in form. of a network, spherical granules, short rods and twisted threads, around the nucleus and along iiitra and inter-cellular canaliculi ( fig. 5 ).
In the gland, after atropin, the Golgi apparatus did not show a conspicuous change in comparison with the normal*, except that the Golgi bodies were stained more distinctly by the osmic acid, increased in number and in part enlarged ( fig. 13 ).
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In the gland, after pilocarpin, the cytoplasm of the cell was a little more transparent than in the normal and the Golgi bodies decreased in number and in size ( fig. 14) .
4. The mucous cell : The cytoplasm of the mucous cell was not stained by the osmic acid like other types of cells and appeared lighter in color.
The Golgi bodies were stained black with the osmic acid in form of small spherical granules, short rods, twisted threads and networks, especially around the nucleus and cell membrane ( fig. 7) .
Inc. the gland, after atropin, the Golgi bodies were stained more distinctly, increased in number and enlarged ( fig. 15 ).
In the gland, after pilocarpin, the appearance of the cells was the reverse of that after atropin and the Golgi bodies were not stained as distinctly as in the normal and were decreased in number and in size, some in the form of vacuoles ( fig. 16 ).
Singnificance of the Go I gi Apparatus. a. Morphology. The Golgi apparatus shows a number of variations in the different types of cells and also, according to the cell activity. Even in the same cell types some differences have been observed according to the species of the animal. These facts gave rise to a number of designations for this organ until Golgi ('98) designated the granules as apparato reticolare interno ". Bergen ('04) studied the Golgi apparatus in the serous and mucous cells of the submaxillary gland of the dog in the material fixed by Golgi s method modified by Veratti, and by the osmic method of Kopsch and observed the Golgi apparatus in form of granules, rods, twisted threads and networks. He classified two different types of granules, solid and canalicular ; the former were preserved both by the osmic and silver methods ; the latter were preserved only by the silver method, especially, in the mucous cell and he claimed that these granules resembled the " Primitivrarchen " of Nansen ('87), " Trophospongien " of H o lmg r en ('02), "tat spri6mateux " of Nelis ('99), etc. He agreed with Van Beneden who claimed that these canalicular granules were artificially produced by the precipitation of the silver nitrate in the fluid substance in the cell.
The author also observed similar granules which had been claimed as artificial products by Van Benden, Hoyer, Rawitz and Bergen in materials fixed by the silver method of. Caj al and Da Fano, especially Rikita Honda .
in the mucous cell ( fig. 8 ), but not in the material fixed by the osmic method of Kopsch, Mann-Kopsch and its modification of Ludford ( fig. 7) . The author does not regard these granules as artificial products because there is not sufficient evidence that these argentophile granules , which are brought out by the silver methods in the cells of the submax-Mary gland, are artificial, however , it is possible that they belong to a fluid canalicular system, for similar granules -were observed on the slide with the mixture of saliva in the fixative fluid of Cajal or Da Fano . Caj al ('14) studied the Golgi apparatus of the submaxillary gland of the rabbit, cat and young dog' in material fixed by formol and by the alcohol uranium silver nitrate method and reported that the Golgi bodies were chserved in the form of network , horseshoe and circular bands, between the nucleus and the glandular lumen and fragmentation of the apparatus was observed after pilocarpin .
Bowen ('26) reported that the Golgi apparatus in the submaxillary gland of Limax was observed in granular forms and scattered in the cytoplasm.
According to the author's investigation , the Golgi apparatus was observed in approximately two different morphological types as described by Nassonov ('24) and Bowen ('24) in the somatic cells ; one in the form of network which has been designated by Bow en ('24) as the "G o l g i complex " and the other in granular form known as " dictyosomes " (a term designating the solid elements of the Golgi apparatus when not in the reticular form in the spermatozoon) . The network is present in most cells of the epithelium of the ducts, but not constantly in other types of cells.
In the submaxillary gland of the normal adult albino rat , as well as in the animals injected with atropin or pilocarpin , these granules are scattered in the cytoplasm and a few connected to the nuclear wall .
b. Staining reactions. In staining it is very important to be able to distinguish the Golgi apparatus from that of the other cytoplasmic inclusions such as mitochondria , fat and lipoid granules. It has been maintained that the characteristic elements of the Golgi apparatus when stained black by the silver nitrate or osmic acid are distinguished easily from other granules. In the silver method of Caj al or Da Fano , the Golgi apparatus stains black ; the fat, lipoid granules and mitochondria are, for the most part, not stained, except that the mitochondria sometimes show a slightly golden color. By the osmic method the Golgi apparatus, fat and lipoid granules are stained black , but the first is distinguished easily from the latter by the treatment with turpentine , as the fat and lipoid granules lose their color more quickly than the Go lgi apparatus while the mitochondria remain unstained.
According to the author's investigation, the silver methods of Caj al or Da Fano and the osmic method of Kopsch Mann-Kopsch and its modification by Ludford , also preserved some mitochondria stained black, which are identical with the basophilic granules as claimed by the author in the previous paper ('27) . It is there pointed out that some mitochondria take the basic stain in the fixed material by the method of Kopsch after Regaud when stained by the Altmann-Kull method and the results are in accordance with those of S j ö v all ('00), Na s son o v ( '23) and others and the Golgi apparatus is preserved by the osmic acid method used for mitochondria.
Similar observations touching the vital staining qualities of the (;rolgi apparatus have been reported by Nussbaum ('13) and Karpova ('25), namely, that both the Go lgi apparatus and mitochondria are stained in the spermatozoon by the mitochondrial vital staining methods. These facts led Karpova to claim that it was impossible to distinguish fundamentally the dictyosornes from. the mitochondria and her opinion has been confirmed by P a r a t and Pain 1 e v ('20). As mentioned earlier, the author finds that the staining qualities of the Golgi apparatus and the mitochondria are the same when stained by basic dyes, but on the other hand, the network of the Golgi apparatus does not show distinctly with the mitochondrial technique used by the author, owing to the presence of the mitochondria stained by the acid dye.
c. Position of the Golgi apparatus. Bergen ('04) claimed that the network of the Golgi apparatus was situated between the nucleus and the glandular lumen in the submaxillary gland of the dog and Cajal ('14) made the same observation in the submaxillary gland of the rabbit, cat and young dog. Cowdry ('21) found that Golgi apparatus was usually situated between the nucleus and the glandular lumen in the glandular cells of the thyroid gland of the guinea pig and in about one ease out of five hundred the apparatus was situated between the nucleus and cell basis and he concluded that the position of the Golgi apparatus indicated the secretory polarity of the cell. Ludford ('22) also found that the Golgi apparatus was situated between the nucleus and free surface of the glandular cells. These topographic relations of the Golgi apparatus were reported by other investigators such as Co u r r i e r ('22) in the parathyroid gland of the young eat, Reiss ('22) in the hypophysis of the young cat, Corti ('24) in the gastric glands of the Rana esculenta , Jasswoin ('25) in the convoluted tubuli of the kidney of the Triton , Saguchi ('20) in the pancreas of the frog, Ishimaru ('26) in the thyroid gland of the rabbit.
Jacobs ('15) in the glandular cells of the intestines of the Astacus and Bowen ('26) in the submaxillary gland of the Limax, observed that the Golgi bodies were scattered in the form of granules in the cytoplasm.
Jasswoin ('25) found that iu the convoluted tubuli of Triton, the Golgi apparatus changed its position passing from the supra-, para-and infranuclear region according to the functional stages.
The author observed the Golgi apparatus to appear in approximately two different types one in the form of granules and the other in the form of a network. The former are scattered in the cytoplasm and the latter are observed in most cases to be supra-or paranuclear and in a few cases, in the infranuclear region. These topographic relations of the network were found especially in the epithelium of the duct (fig. 1 ) of the submaxillary gland of the albino rat and correspond with Co w dry 's observations on the thyroid gland of the guinea pig.
The Genesis of the Golgi Apparatus.
The genesis of the Golgi apparatus has been much studied but the problem still remains unsolved. The granular form is identical with the mitochondria which are preserved by Kopsch's method after Regaud and stained by the basic dye with the staining method of Altmann Kull, which corresponds with the results of Karpova, in the sper--matozoon of the Helix pomatia, and the dictyosornes appear to be modifications of mitochondria. But the genesis of the Golgi network (sometimes crescent-shaped or spiral), is apparently different from the former although the staining reactions do not indicate the difference. The latter is assumed to originate from the nucleus by the physiological degeneration of the cell. For a study of the genesis of the network, the serozymogen cell proved to be the best and a brief description of the formation of the serozymogen granules is therefore necessary. Two different opinions are current on the genesis of the secretory granules, i. e., (1) the cytoplasmic or (2) Champy ('11), Arnold ('12), Maximow ('10), and others. The nuclear origin has been supported by Macallum ('91), Mathews ('99), Gamier ('00), Carlier '07), Maziarski ('10), Ogata ('83), Laguesse ( p89, '00), Gal eotti ('95), etc. However, most investigators have observed that there exist different kinds of secretory granules differentiated from each other by their staining reactions and have described these granules as " graugelb and fuchsinophile " ; " osmophile and fuchsinophile " ; " basophile , acidophile and neutrophile ", etc., in the different types of glandular cells. The staining reactions do not, however, reveal the different origins of the granules. According to the author's investigation, there are two kinds of secretory granules in the submaxillary gland ; those of cytoplasmic and those of nuclear origin. The former have been observed by various investigators and recently, Takagi ('25) demonstrated them with great clearness in the submaxillary gland of the cat. As also claimed by the author ('27), these originate from an integration or morphological changes of the mitochondria in the albino rat and have not been observed distinctly in the material fixed by the osmic methods for the Golgi apparatus. The latter originate by the physiological degeneration of the plasmosomes (Ogata), or main-nucleolus and sidenucleoli (Saguch 0. The structure of the main-nucleolus and sidenucleoli has been described in detail in the pancreatic cell of the frog by Saguch ('20) , to which paper the reader is referred. Since then the author has observed that the nuclear inclusions in the cells of the submaxillary gland of the albino rat were similar in structure to those of the pancreatic cell of the frog. The nucleolus is composed of three different substances well distinguished from each other by the staining reactions and morphology in material fixed by various methods ; the outer layer is well stained by the basic dye such as the Kopsch's method after Regaud and stained by the Altmann-Kull method like a capsule. This was .designated as "cortical substance " by Sag uch i ('20), " argentophile core " by Caj al and Carleton ('20) . The nucleolus contains one or more minute granules well preserved, especially by the silver methods, which were observed by Laehe ('06) and Cajal ('09) and designated as nueleolini", ``endonueleoli" by Carlier ('96), ``argentophile granules" by Sag u e hi ('20) . The rest of the substance of the nucleolus is preserved and stained gray in color by the ()sink; methods and it is also well preserved by the various mitochondrial methods. For instance, it is stained by the acid fuchsin in the material fixed by the same method as for the cortical substance mentioned above and it was designated by Saguchi ('20) as the " main mass " of the nucleolus. Further study on these Rikita, nuclear inclusion has been carried on by the author in the secretory cycle of the serozyrnogeti cell connected with the genesis of the Golgi apparatus and the formation of the secretory granules. The whole process of the secretory cycle is classified by the author into four different stages instead of the two or three which have been commonly used by most investigators, such as functioning and resting stages " or secreting, resting and excreting stages ". in our material the serOzymogen cell is observed to be clearly different in the four following stages : (1) absorbent or hyperchromatic stage, (2) granulation stage, (3) resting stage, (4) excretory stage.
(1) Absorbent or hyperchrdmatic stage. In this stage the size of the nucleus and cell body is relatively small in comparison with the other stages, probably due to the pressure of the adjoining cells whicn are in the different stages. In the beginning of this stage, the nucleus and cytoplasm appear comparatively transparent in the material fixed by the osmic methods, suggesting that the materials to be stained by the osmic acid are scanty (fig. A) . The fact that some of the cells cells stain darker by the osmic acid indicates that more substance has been absorbed by the cytoplasm from the surrounding blood and lymph capillaries (fig. B) , and the nucleus also becomes larger and gradually stains a darker color, especially in the nuclear wall while the cytoplasm around the nucleus appears light in color ( fig. C) , which reveales that substances from the cytoplasm are given to the nucleus. The nucleolus also is increased in size and stains darker ( fig. D) . This phenomenon is observed in most cases in the main-nucleolus and in some cases simultaneously, in the side-nucleoli, but in the majority of cases, the side-nucleoli follow after the main-nucleolus has arrived at the resting stage ( fig. G) , or the sidenucleoli remain without much change suggests that they are prepared for the succeeding secretory cycle. In some cases, the nucleolus is observed in a thickened area of the nuclear wall, or outside of the nucleus as the so-called " Nebenkern " (fig. E) . The identity of the nucleolus and nebenkern is not as yet settled and a number of different opinions has been expressed as to its origin, morphology and significance, but the author has arrived to the conclusion that the so-called " Nebenkern " is nothing but a nucleolus arising from the nucleus and this conclusion is in accordance with those of Ogata ('83), Pla,tner ('89), Galeotti ('95), in the pancreatic cell.
The Go 1 gi apparatus (" Gol gi complex " of Bowen) appears in irregular forms of network, crescent-shaped masses, spirals and branched threads and some of these granules are observed to be in contact with the nuclear wall ( fig. A, B, C, D, (2) Granulation stage. In this stage granulation occurs in the mainnucleolus ( fig. F) and in a few cases, in the side nucleoli ( fig. G, H) and continues until the grairulation stage of the cell is completed ( fig. 1, J) .
The Golgi apparatus is situated in most cases, between the nucleus and glandular lumen, or at the side of the nucleus ( fig. F. G) and appears in the form of a network, crescentshaped masses, spirals and branched threads. When the cell is being filled with serozymogen granules, the apparatus is pressed, gradually, toward the cell boundary and projections of the apparatus are observed between the serozymogen granules ( fig. G, H) . Strictly speaking, a definite morphology and position of the Golgi apparatus in this stage can hardly be given because the apparatus is influenced by the momentary changes of the formation of serozymogen granules.
(3) Resting stage. In this stage, the cell body is enlarged by the accumulation of the serozymogen granules and the nucleus is commonly situated on the cell basis with an irregular form due to the pressure of the granules ( fig. K) and sometimes the cell body is so filled with the serozymogen granules that the nucleus is obscured (fig. L) .
The Golgi apparatus is situated irregulary along the cell membrane, rather more towards the distal end of the cell and between the nucleus and periphery of the cell (fig. K) . In rare cases, it lies between the nucleus and cell basis.
(4) Excretory stage. The serozymogeu granules become larger and lose their staining power with the osmic acid ( fig. M) to such an extent that the granules do not take much stain, a condition which suggests a reciprocal exchange of substances between the granules and cytoplasm (fig. N) .
The Golgi bodies become less in number and slender in appearance which assumes that they form a part of the secretion and are discharged as a secretory substance ( fig. M, N) . With the discharge of material the cell becomes smaller in size which change is probably, in part, due to the pressure of the adjoining cells in the different stages. The remaining Golgi bodies appear to come together and form a part of the nucleus (fig. 0) .
The author is fully convinced that the Go lgi apparatus originates from the nucleus and is related to the formation of the serozymogen granules of the serozymogen cell. In other words, the Golgi apparatus is formed by the chromatic bodies of the nucleus discharged into the cytoplasm by the chromatolysis or physiological degeneration of the cell. My own observations apply to the physiological degeneration or chro-matolysis of the serozymogen cell of the submaxillary gland of the albino rat but in the pancreatic cells of other animals the process has been described by many investigators and Saguchi ('20) has reviewed and summarized the literature.
Ga u 1 e ('80) and Nu s sbau m ('82) noticed that the pancreatic cell undergoes physiological degeneration which process has been detailed by Platner ('89) and confirmed by Saguchi ('20) who briefly described the process as follows : " The first changes are in the chromatic and nuclear hyperchromasy , followed by chromatic separation. The latter process is characterized by a flowing together of chromatic corpuscles which leads to the formatioii of more or less large granules or thick cords. These further fuse together or anastomose with one another so that at last a network or even a capsule is formed at the periphery of the nucleus ".
The process in the serozymogen cell of the submaxillary gland of the rat appears to the author to be in accordance with that described for the pancreatic cell and he comes to the conclusion that the Golgi apparatus as shown by the osmic method is formed by chromatic bodies originated from the nucleus and discharged into the cytoplasm.
The author believes that the genesis of the Golgi apparatus in other types of cells in the submaxillary gland of the rat is similar to that in the serozymogen cell, even though the secretory cycle could not be clearly observed.
Summary.
1. The cytoplasmic inclusions of the glandular cells of the submaxillary gland of the adult albino rat obtained by the silver and osmic methods for the Golgi apparatus are not the same in the several types of cells and differ especially in the mucous cell.
2. The Golgi bodies in the glandular cells of the submaxillary gland are increased in number and enlarged when the animal is injected with atropin and decreased in number and size when it is injected with pilocarpin. 3. Morphologically, the Golgi apparatus of the submaxillary gland of the adult albino rat preserved by the osmic method shows two types : one in the form of a network, sometimes crescent-shape, spirals , etc., (Golgi complex of Bowen) and the other is in the form of granules (designated dictyosoines) which prove to be modifications of the mitochondria ; a result that is in accordance with those of Karpov a based on the vital staining method of the spermatozoon.
Explanation
of Plates.
All figures were outlined as far as possible with the aid of the camera lucida. The lenses used in Plate I and II were : Leitz 2-mm. apochr. oil-immer. obj., comp. ocular no. S and in Plate III the ocular no. 10 used. Plate X. Fig. I . The epithelium of the intralobular duct : Fig. 3 . The serozymogen acinus : Fig. 5 . The serous acinus e, so-called ergastoplasma Fig. 7 . The mucous acinus: fixed : Mann-Kopsch's method, treated in turpentine for three hours, without stain. Fig. 2 . The epithelium of the intralobular duct : Fig. 4 . The serozymogen acinus: Fig. 6 . The serous acinus : Fig. 8 . The mucous acinus fixed : Da Fano's method, without stain.
Plate XI. Fig. 9 . The epithelium of the intralobular duct : Fig. 11 . The serozymogen acinus : Fig. 13 . The serous acinus : Fig. 15 . The mucous acinus : Material injected with atropin ; fixed : Mann-Kopsch's method, without stain. Fig. 10 . The epithelium of the intralobular duct: 
